Fruits and vegetables are important part of human diet but are prone to rapid deterioration. Osmotic dehydration (OD) is a method capable of retaining nutrient and organoleptic qualities of preserved food and aid drying at reduced energy requirement for minimally processed food. The study is aimed at analysing and comparing OD of fruits and vegetables using mango (Mangifera indica L.) and carrot (Daucus carota L) as case samples. The effects of sucrose concentration, residence time and temperature of OD media were investigated for water loss (WL) and solute gain (SG) regression. Optimal transport models established for maximum WL and minimum SG at 40-60 oBx, 30-50 o C and 0-180min using Modified Distance Design of the response surface methodology Design Expert 6.0 achieved 46.87% WL and 7.33% SG for mango and 36% WL and 5% SG for carrot. At the optimized conditions of in a semi-continuous process it was observed that high SC did not favour WL in mango while in carrot, increased SC resulted in a consistent increase in WL. The analysis of variance revealed R 2 of 72.95% for carrot and 98.44% for mango at (P<0.05) thus showing the effects of the plant morphology on OD process effectiveness in determining the order of processing fruits and vegetables in a semi-continuous process.
stews, curries, sweetmeats, juices, flakes, fermented pickles and soups. Hence, carrot occupies an important place among the root vegetables because of its sugar and essential mineral contents Handling of fruits and vegetables is of immense importance to reduce the quantity of waste resulting from bruises and unexpected compaction injury in the course of transportation to collection points or market places.
Consequently, the plucking/ harvesting of fruits and vegetables should be handled with care while the medium of transportation should be well ventilated and in shock protected vans [13] .
Generally, processing of some fruits and vegetable in developing countries are established for one or more reasons, which may include primarily prevention of losses and elongation of the shelf life. Others may be of economic reason and government industrialisation or agricultural policy to reduce present dependence on importation as well as encouragement to avail fruits and vegetables during on and out of-season. All these possibilities have immense economic potentials when carrot and mango are processed to generate new sources of income for farmers/artisans; and develop new value-added products. About 40% of agricultural produce is wasted in developing countries, mainly due to unavailability of processing and preservation technologies [14] .
Osmotic dehydration has been proposed in combination with air drying to improve quality attributes of air dried fruit pieces [15, 16] However, there is need for further studies to bridge the gap between laboratory research and industrial application. The application of osmotic dehydration as a pre-treatment did not only elongate the shelf-life but helped to keep the products in a close-to-natural state even after further treatments [17] . At constant temperature, the osmotic pressure (π) of a solution is proportional to the molecular concentration of the solute.
Where concentration C is defined as the number of moles of solute per unit volume of solution (i.e. n/v), then osmotic pressure (π) assume the relationship defined in equation 1:
where (n) is the number of moles of solutes and v is the volume of solution.
For a given solute, the osmotic pressure (π) is proportional to the absolute temperature (Tabs) i. e. π α Tabs Charles law) (2) Combining equations (1) and (2) gives equation ( 
Equation (4) 
where (π) is Osmotic pressure, R is the universal gas constant, C is concentration and M is molecular weight.
Osmotic pressure (π) exerted in a liquid medium is directly dependent on the prevailing temperature and concentration of the solute (osmolite) in the liquid medium. However, in Osmosis no feasible reaction is expected other than the passage of water (H2O) and perhaps some micro-molecules of solute across the semi-permeable membrane.
Osmotic dehydration uses the principle of osmosis to concentrate cellular material of food such as fruits and vegetables when they are placed either whole or in pieces, into a hypertonic solution with high osmotic pressure.
The complex cellular structure of food acts as a semi-permeable membrane for the transfer of water between the food tissue and the osmotic solution until equilibrium is attained. At equilibrium, the chemical potential of water (µw) in the food tissue and in the osmotic solution (µs) become equal. Water activity (aw) is related to osmotic pressure (π) according to equation (6) :
(where osmotic pressure π is equal to the pressure gradient (P2-P1 ). Water activity aw is equal to P/P0, as P is the pressure of the liquor while Po is atmospheric pressure).
In foods, water is regarded as the solvent, hence equation (6) is simplified for the estimation of the osmotic pressure of a solution in equation (7) 
Osmotic pressure has an inhibitory effect on micro-organisms. Most bacteria, yeast and moulds do not proliferate at osmotic pressure (π) >12.7Mpa, (π)>17.3Mpa and (π)>30.1 Mpa respectively. Hence, the shelf life of foods can be regulated by the osmotic pressure of the solution in the material [20] .
The major ingredients and materials required in osmotic dehydration include water, simple sugars (mono and disaccharides) such as glucose and sucrose, common salt (99.9% sodium chloride), and other impregnating agents which may be starch, grape juice, corn syrup, glycerol or extracted juice from other fruits [21] . Sugars such as glucose, fructose, maltose and sucrose, all share the following characteristics in varying degrees with respect to fruits and vegetable processing technology. They are source of energy, readily fermented by micro-organisms, and in high concentration, prevent the growth of micro-organisms. Therefore, they are used as preservative. Osmotic dehydration processes are designed with the aim of maximizing mean water removal while retaining solid uptake so as to obtain a stable product [22] . The purpose of this research is to investigate the mechanism of OD in treatment of fruits and vegetables in same processing medium, assist in the understanding of underlying phenomena and perhaps to make predictions about the response of a system to the imposed conditions temperature, concentration and time of immersion.
MATERIALS AND METHODS

Materials
The raw materials used in this study were carrot, mango and commercial food grade sucrose. The carrot was procured from a distribution outlets in Lagos. Fresh mature mango fruits (Tommy Atkins specie) obtained directly from a local farm in Epe town suburb of Lagos State were used. The sucrose purchased from a local supermarket in
Lagos was kept in a custom-made airtight container to prevent contamination and humidification.
Selected samples had deep pink colour and were defect-free. These were sorted manually into average sizes of Plate-1. Pictorial of view of diced mango and carrot samples before processing.
Methods
A regression design was used to investigate the relationship between a range of dependent variables of temperature 30-50 o C, sucrose concentrations 40-60 o Bx and residence time ranging from 0-180 mins were explored. The approach was used to study the effects of the independent variables on the response variables [23] . A fruit to liquor ratio of 1:5 (w/w) was used for each set. Selected mango and carrot samples were labelled, osmodehydrated and subjected to gravimetric analysis. In each assay, the experiments were replicated three times and the average values used for calculations both in discrete experiment and for the semi-continuous dehydration.
Water loss (WL), Solute gain (SG) and Weight reduction (WR) in relation to initial fresh mass of sample (g /g)
were obtained from the expressions in equation 8, 9 and 10: 
Effect of Temperature on Osmotic Dehydration Characteristics of Mango
For osmotic treatment in sucrose solution, temperature manifested mainly an indirect effect on overall water loss and solute gain within the moderate temperature range studied (30 -50°C). High temperature of osmotic media caused accelerated mass transfer and hence water loss and solute gain. In general, highly concentrated osmotic solutions enhanced both water loss and solutes uptake during the osmotic process. The results indicated higher medium concentrations led to higher water loss because of the increased osmotic pressure imposed by temperature increment.
High sucrose concentrations are higher in viscosity and this may affect contact effectiveness between solvent medium and product surface. In addition, sucrose allows the formation of sugar surface layers, which become a barrier to both the withdrawal of water and solute uptake by the sample. Consequently, a decrease in the rate of water loss was recorded after about 150 min of dehydration. This effect may be due to increased viscosity as shown in Figure 3 . Increase in the kinetics of mass transfer at high temperatures could be attributed to diffusion rate enhancement due to swelling and plasticizing of cell membranes and better water transfer characteristics on the product surface. It has been established that cell membrane destruction at higher temperatures lead to higher solid uptake by plantbased food materials during osmotic treatment [23, 27] .
Effect of Sucrose Concentration on Osmotic Dehydration of Carrot
The initial high rates of dehydration recorded may be due to greater driving force (osmotic pressure) between food pieces and the hypertonic solution. From this study, effective dehydration is suggested in the first two hours of the process. This observation revealed that higher sucrose concentration induced higher water loss than low 
Comparative Analysis of OD in Mango and Carrot Samples
Osmotic dehydration kinetics for mango and carrot as studied were analysed for water loss (WL) and solid gain (SG) in a time-dependent semi-continuous contactor. The effect of sucrose concentration on water loss (WL) at 180 min of dehydration and sucrose concentrations (SC) in the range of 40 to 60 o Bx were evaluated in mango and carrot samples respectively. The result of the sample analysis for water loss is presented in Figure 5 . Figure 5 . In mango samples, it was evident that high SC did not favour WL in mango while in carrot; increased SC resulted in a consistent increase in WL. Hence, the performance of OD at different solute concentration levels may be considered to be material-specific.
The solute gain in mango samples compared to that of carrot under the same conditions of treatment as presented in Figure 6 showed that solute gain in mango was higher than in carrot samples as the sucrose concentration increased as living material play an important role during osmotic dehydration as demonstrated in Figure 7 . While in carrot sample there was consistent increase in WL as SC increases, however a reverse was seen in case of mango. This implies that in the treatment of fruits and vegetables, it may not be advisable to have group dehydration. Rather, individual fruits or vegetables should be treated exclusively and isolation from the others. where Xi, for i= 1,2 and 3 represents concentration, temperature and time, respectively.
The analysis of variance in the percentage water loss in mango and the carrot at (P<0.05) had R 2 of 72.95% for carrot and 98.44% for mango.
